The traditional measuring method of chlorophyll content is cumbersome and time-consuming. 
Introduction
Computer vision technology has been studied and applied to agriculture in the late 1970s. The main research areas are the classification and quality inspection of the agricultural products such as cucumber, tomato, wild peach and banana, some of which have achieved substantial results [1] [2] . There are also some domestic and foreign reports of the research on computer vision technology, which includes the realization of intelligent identification of grape leaf disease through digital analysis of color images [3] , the identification and analysis of citrus diseases by image color characteristics [4] and the auto-classification of potatoes based on visual technology [5] , etc. Li Shaokun et al. expanded the application of computer vision technology into the field crops to extract the plant type information and monitor the growth of plants. Chlorophyll as the basic composition of plant leaves is mainly present in the chloroplast of plant cells and closely associated with the photosynthetic process, utilization of solar radiation energy, absorption of atmospheric CO2 and detection of plant nutrition. It is the indispensable pigment in the photosynthesis of plants and the important nitrogen substance in the plant leaves, thus being able to accurately indicate the absorption and utilization of plant nitrogen nutrition [6] [7] . The lack of nutrient elements or the external unfavorable interference can be manifested by the color and the chlorophyll content of plant leaves [8] [9] . Therefore, it is of great significance to explore the modeling method of chlorophyll content prediction of tomato leaves based on the Labview software platform and the computer visual technology to substitute the time-consuming and laborious chemical analysis method.
Materials and Methods

Test Materials
The materials used in this experiment are Jiaxina cherry tomato plants from the solar greenhouse of the vegetable cultivation base in Sanhe City, Hebei Province (E117°, N39.97°), where the substrate soilless culture and drop irrigation are adopted. The colonization and routine management of the plants began in the mid-October 2015; in early January 2016, the leaves were collected and processed for preservation; and the experiment was completed at the end of January.
The indoor and outdoor temperature difference of the greenhouse, small in the morning and in the evening, reaches 5-7℃ at noon with the indoor humidity being about 60%.
Test Methods
Hardware Option
Based on the study of the optical properties in the greenhouse, the computer vision hardware system suitable for chlorophyll detection of plant leaves is selected on the basis of four aspects of light quality, light intensity, sunlight hours and light distribution. This experiment adopts the NI (National Instruments) EVS-1464 processing platform, which provides the IEEE (Institute of Electrical and Electronics Engineers) 1394 camera manufactured by Basler Technologies.
The SDAD value of the leaves is measured by SPAD502 chlorophyll meter manufactured by KONICA MINOLTA Company of Japan.
The determination of chlorophyll is carried out simultaneously with tomato leaf image acquisition. When measuring leaves with chlorophyll meter, the main veins and leaf edges on the leaves must be excluded to ensure light penetration. Each tomato leaf is measured 8 times.
Image Acquisition
To ensure adequate overall brightness and uniform lighting, the closed light-proof black box supplemented by the KD008A-11W energy-saving lamp is adopted during the image acquisition of leaves, to achieve the uniform illumination of the lighting system and avoid strong reflections within the visual area of the camera. During the shooting, it should be avoided that the shadow of the staff or the camera falls into the vision of the camera. (See Figure 1) During the full bearing period, we select the intact and disease-free flat leaves of similar sizes on the tomato plants, whose leaf colors are visibly different. After being sampled, the leaves are sorted into 20 numbered valve bags according to the leaf color in a descending order with six leaves of similar colors placed into each numbered bag, which are then taken back to the laboratory in the special plant safe for analysis. Some of the collected images of the tomato leaves are shown in A white cardboard is taken as the background during the shooting with the tomato leaves placed in the bottom center of the box. The camera is fixed on a 50cm-high iron frame to meet the requirements of a uniform shooting height. We necessarily check whether the fixed focus is 8mm before every shooting to obtain images with obvious comparability. The shot images are stored in the hard disk of camera and named according to the number on the valve bag.
Software Design
In this experiment, the Labview is taken as the software platform and the IMAQ-Vision tool kit is taken as the image analysis and processing software to extract the characteristics (RGB, HSI) [10] [11] of the tomato leaves. The system flow chart is shown in Figure 3 : 
RGB Color Space
In this experiment, the color components of tomato leaves are extracted through the Labview and IMAQ-Vision tool kits and the correlation coefficients of RGB color models are obtained by operation and analysis. The RGB color system, which is the most commonly used color model in experiments and established on the basis of the theory of three primary colors, can produce different colors from the three primary colors by changing the contents of the tree colors. The mixed color is generally represented by the color equation [12] :
Where C * represents the color after mixing the components; ≡ indicates the visual equivalence; R, G and B represent red, green and blue, respectively. The RGB color space system model is shown in Figure 4 : In Figure 5 , H, represented by a circle, is in the range of 0° to 360° with 0° for red, 120° for green and 240° for blue; S is in the range of 0 to 1 with 1 for solid color; L is also in the range of 0 to 1 with 0 for black and 1 for white [13] .
HSL Color Space
In this experiment, the R, G and B values are first extracted by the computer image processing technique. Then, the H, S and I values are obtained from the above nonlinear variation equation.
Finally, the average and the standard deviation of the six components R, G, B, H, S and I are determined to prepare for the following data analysis [14] .
Median Filter
The median filter is adopted in this experiment to conduct the image processing of tomato leaves. Median filtering is a non-linear smoothing technique, which replaces the gray value of the pixel corresponding to the center of the window with the median value. It shows great effect in the control of impulse interference and impulse noise and protection of the margin, thus ensuring the clearness of the images [14] [15] .
Let a one-dimensional sequence be x1, x2, …, xn, which is arranged in accordance with the size of the number, and its median filter is defined as:
Tab.1. 
Results and Analysis
Picture Component Value of Tomato Leaves
The images of tomato leaves are digitized with the computer vision technology to obtain the values of the components of RGB and HSL as shown in Fig. 9 : 
Chlorophyll content of tomato leaves
SPAD502 chlorophyll meter is used to measure the SDAD value of leaves as shown in Figure   10 : Fig.10 . Chlorophyll Content
Correlation between Tomato Picture Content and SPAD Value
Since the chlorophyll content of the leaves is closely related to the absorption and reflection of light by the leaves, the SPAD values of 20 samples with visible differences in leaf surface and 12 color parameters extracted from the tomato leaf images as well as their mathematical relations are employed to carry out the correlation analysis. The results show that the regression model between the SPAD value of tomato leaves and the polynomial of color characteristic parameter formula H / (S + L) has the highest correlation coefficient and relatively high determinate coefficient.
Discussion
The results of this study show that the correlation between the color characteristic parameters and the SPAD values of the leaves obtained by RGB and HIS color space system is better than that directly obtained through the three primary colors.
In this experiment, the regression equation with the best correlation and relatively large coefficient of determination is selected through sample data collection and the Labview-based greenhouse plant image processing software. 
Image information collection is the key technology of this experiment in analyzing the characteristics of plant leaves with the Labview-based greenhouse plant image processing software.
In the experimental process, we should try to maintain a relatively consistent condition for image information collection to reduce errors as much as possible, thus determining the correlation between the color component information of tomato leaves and chlorophyll and realizing the rapid detection of tomato nutrient status. Only with a leaf image containing complete information can we obtain the chlorophyll content of part of the leaf or the whole leaf, and even multiple leaves,
